An 82-year-old woman developed neck weakness and dysarthria with antibodies against acetylcholine receptor (AChR) and low-density lipoprotein receptor-related protein 4 (LRP4). Myasthenia gravis (MG) was diagnosed by edrophonium and repetitive nerve stimulation tests. Her symptoms resolved completely by immunotherapy. One year later, she presented with muscle weakness and bulbar palsy accompanied by atrophy and fasciculation. Her tendon reflexes were brisk, and Babinski's sign was positive. She was diagnosed with probable amyotrophic lateral sclerosis (ALS). Immunotherapy did not improve her symptoms, and she ultimately died of respiratory failure. MG and ALS may share a pathophysiology, including anti-LRP4 antibodies at the neuromuscular junction.
Introduction
Myasthenia gravis (MG) is an autoimmune disorder in which the neuromuscular junction (NMJ) is damaged or impaired functionally by autoantibodies targeting the acetylcholine receptor (AChR) or muscle-specific kinase (MuSK) (1) . Recent studies have reported that antibody against low-density lipoprotein receptor-related protein 4 (LRP4) is detected in some patients with MG and may play a role in the pathogenesis of MG (2) (3) (4) . LRP4 is a coreceptor for agrin and forms an intracellular signaling complex with MuSK to maintain the structure and function of the NMJ (5) . It has been reported that LRP4 immunization induced experimental autoimmune MG with the anti-LRP4 antibody in mice (6) . Therefore, the anti-LRP4 antibody is thought to have pathogenicity for MG, similar to the antiAChR and anti-MuSK antibodies.
Anti-LRP4 antibodies have also been reported in some patients with amyotrophic lateral sclerosis (ALS), which is characterized by the selective degeneration of the upper and lower motor neurons, resulting in diffuse muscle weakness, atrophy, and fasciculation (7, 8) . However, the importance of anti-LRP4 antibody in the pathophysiology of ALS has not been elucidated.
Although MG and ALS differ in their etiological and pathological features, the association between MG and ALS reported in some patients may imply a possible common pathophysiological background (9) .
We herein report a rare case in which a patient had both MG and ALS with antibodies against both LRP4 and AChR in whom only the symptom of MG was successfully resolved after immunotherapy.
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Case Report
An 82-year-old woman was referred to our hospital for neck weakness and dysarthria. The clinical examination revealed severe weakness in her neck muscles and moderate weakness in both orbicularis oculi muscles. She also presented mild dysarthria without dysphagia but did not present atrophy or fasciculation of the tongue. There was no muscle weakness, atrophy, or fasciculation in any of her extremities. Her tendon reflex was normal, and Babinski's sign was negative. Sensory abnormalities were not detected. Her serum was positive for anti-AChR antibodies (20 nmol/L; normal values are <0.3 nmol/L). The MuSK antibody was not detected. An edrophonium test improved the weakness in the orbicularis oculi and neck muscles. Repetitive nerve stimulation (RNS) at 3 Hz showed a 26.3% decrease in nasal muscle amplitude ( Fig. 1 ) and an 11.5% decrease in right trapezius muscle amplitude. Needle electromyography (EMG)
showed fibrillation potentials and positive sharp waves only in the neck extensor muscles; these were not observed in the limbs or paraspinal muscles. Computed tomography of the chest was normal. Spirometry did not reveal any abnormalities. Based on these findings, she was diagnosed with seropositive late-onset generalized MG.
After eight sessions of plasmapheresis, the patient showed remarkable improvement leading to remission without any clinical manifestation. Prednisolone and tacrolimus were started as maintenance therapy. One year after remission, she began to exhibit progressive weakness in her neck and limbs and dysarthria while on immunosuppressive therapy. She was then readmitted to our hospital. Her tongue showed atrophy and fasciculation. Muscle weakness was detected in the neck and all extremities. Her tendon reflexes were brisk, and Babinski's sign was positive. Although RNS showed a decrement response in the trapezius muscle (26.4%) but not in the nasal muscle (4.4%), EMG showed fibrillation potentials, positive sharp waves, and fasciculation potentials with chronic denervation in the right trapezius, biceps brachii, first dorsal interosseous, rectus femoris, and thoracic paraspinal muscles. These clinical and EMG findings supported a diagnosis of possible ALS according to the Awaji criteria (10). We detected anti-LRP4 antibodies in serum samples obtained during the first admission (antibody index, 1.04) and second admission (antibody index, 1.4). The antiAChR antibodies had declined (0.7 nmol/L). Anti-MuSK antibodies were not detected again. Her symptoms did not respond to plasmapheresis or immunosuppressive therapy for MG.
She was transferred to a nursing home, and her condition worsened progressively (Fig. 2) . She ultimately died of respiratory failure years after the onset of the initial symptoms.
Discussion
We herein report a case in which the patient was diagnosed with both MG and ALS and exhibited anti-AChR and anti-LRP4 antibodies. While MG is an autoimmune disease targeting the NMJ, ALS is a neurodegenerative disease causing selective motor neuron loss; however, the two disease entities have been reported to coexist in rare cases, as in our patient (8, 9) . A recent Italian study reported that 0.75% of patients with ALS were affected by MG, which was higher than expected (11) . Since both MG and ALS have very low incidences in the general population, comorbidity of these diseases may not occur by mere chance. In addition, a previous study showed that patients with ALS have a relatively high incidence of preceding autoimmune diseases, including MG. These results may suggest that MG and ALS have a shared pathophysiology (12) .
There is evidence that the immunological response is involved in the pathophysiology of ALS and modulates its severity and progression (13) . Post-mortem studies have elucidated the activation of the innate immune response with microglial activation and the expression of a variety of inflammatory mediators in the motor cortex and spinal cord (13) . ALS has also been linked to the upregulation of inflammatory cytokines in damaged tissue and the peripheral blood (13-15). These results imply that the immune response is activated not only at damaged motor neurons but also systemically and promotes a humoral immune response against a variety of antigens derived from damaged tissue in ALS. In ALS, both central and peripheral motor neurons are damaged as pathognomonic findings. Previous studies on human pathology and animal models have shown that the NMJ is damaged and accompanied by an activated immune response from the early stage of the disease (15). Thus, it is reasonable to assume that autoantibodies against components of the NMJ are induced during the early stage of the disease.
The prevalence of the anti-LRP4 antibody in ALS without MG is 9.8% to 23.1% higher than that with MG, in which the prevalence of the anti-LRP4 antibody is 1% to 3% (7, 8, 16) . In contrast, the prevalence of the anti-AChR antibody in MG is around 80% (1) . This may suggest a specific role of the anti-LRP4 antibody in the pathogenesis of ALS. However, a previous report showed that immunosuppressive treatment is effective only for myasthenic symptoms but not ALS symptoms in patients with the anti-LRP4 antibody, similar to our patient (17) .
A deranged or activated immune response in the pathophysiology of ALS may have triggered antibody production against auto-antigens derived from the NMJ including AChR and LRP4 as secondary phenomena in our patient. However, there is a possibility that the anti-LRP4 antibody affects the manifestation of ALS, since previous reports have shown differences in the clinical features between ALS with and without the anti-LRP4 antibody. Furthermore, the anti-LRP4 antibody titer is associated with the severity of ALS (7).
However, the importance of the anti-LRP4 antibody in the pathophysiology of ALS is unknown.
We reasonably speculated that the pathophysiology of ALS insidiously progressed and caused neurodegenerative changes accompanied by an immune response in the motor neuron system involving the NMJ long before the onset of MG in our patient. This may have induced autoantibodies against AChR and LRP4, leading to the development of MG. Thereafter, ALS may have become obvious at the point when the neurodegenerative mechanism exceeded the clinical threshold. Since we did not perform a post-mortem study or analyze the role of the anti-LRP4 antibody, it was impossible to elucidate how the anti-LRP4 antibody was induced and subsequently affected MG and ALS in this case.
In conclusion, the anti-LRP4 antibody seems to be associated with both ALS and MG, although the role and importance of the antibody in the pathophysiologies of these two diseases are different. The anti-LRP4 antibody may be important not only as an important diagnostic marker for MG but also as a marker of pathological changes in the NMJ in both ALS and MG. Further studies are needed to clarify the utility of the anti-LRP4 antibody titers in determining the treatment plans and evaluating the status of the two diseases.
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